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A B S T R A C T
Blooms of the moon jellyfish Aurelia coerulea frequently occur in coastal waters. The increased availability of
substrates for the settlement and proliferation of polyps due to the expansion of artificial structures in coastal
areas has been proposed as a possible contributing factor in jellyfish blooms. This paper investigates whether a
marine artificial lake (Fenghuang Lake) provides additional substrates for A. coerulea polyps and contributes to
jellyfish blooms. High densities of A. coerulea ephyrae were discovered in this lake, with a mean density of 41
individuals/m3 and a maximum measured density of 128 individuals/m3. Meanwhile, A. coerulea ephyrae were
also found in the two emptying channels outside the lake, with a mean density of 13 individuals/m3. Underwater
surveys revealed that dense colonies of A. coerulea polyps occurred mainly on biogenic reefs formed by a
polychaete, which was identified as an invasive serpulid species Hydroides dianthus, based on the phylogenetic
analysis of mitochondrial COI gene sequences. Our study highlights the potential modification of habitats by the
alien polychaete H. dianthus, which might provide complex benthic habits suitable for the settlement and pro-
liferation of A. coerulea polyps and may contribute to jellyfish blooms in the marine artificial lake and nearby
coastal waters.
1. Introduction
The moon jellyfish (Aurelia spp.) is the most common scyphozoan
jellyfish, with a wide geographic distribution (Lucas, 2001). Blooms of
Aurelia spp. occur frequently in the harbors, marine lakes and coastal
waters, negatively affecting coastal power plant operations, local fish-
eries and aquaculture (Dong et al., 2010; Uye, 2011; Dong et al., 2014;
Purcell et al., 2013). Previous case studies have indicated that coastal
eutrophication, increased artificial structures for jellyfish larval settle-
ment, increased seawater temperature, and decreased predation of
jellyfish due to overfishing could be important contributors to the
Aurelia spp. blooms (Arai, 2001; Lo et al., 2008; Richardson et al., 2009;
Purcell, 2012; Duarte et al., 2012).
Aurelia spp. has a metagenetic life cycle, alternating between a
sexual reproduction phase and an asexual reproduction phase (Lucas,
2001). Sexually mature medusae of Aurelia spp. produce pelagic pla-
nulae, which settle on hard substrates and develop into sessile polyps.
After settlement, polyps of Aurelia spp. can reproduce asexually, rapidly
increasing their population size. For example, one polyp of A. aurita
(Linnaeus, 1758) can produce approximately 100 polyps during a 201-
day culturing period (Pascual et al., 2015). During a strobilation event,
one polyp of A. aurita can release as many as 40 ephyrae (Lucas, 2001).
Therefore, the recruitment success during the asexual reproduction
stage affects the population size of medusae and is a key stage in the
formation of jellyfish blooms (Lucas et al., 2012).
The population dynamics of A. coerulea (von Lendenfeld, 1884)
medusae in Chinese coastal waters have been well studied (Dong et al.,
2012; Wan and Zhang, 2012; Dong et al., 2014; Wang and Sun, 2015).
In Chinese temperate coastal waters, A. coerulea medusae are mainly
found between April and September (Dong et al., 2014), while ephyrae
of A. coerulea are mainly found in coastal waters during the early spring
(Wan and Zhang, 2012). However, information on the population dy-
namics of in-situ polyps in Chinese coastal waters is relatively scarce.
Therefore, it is difficult to reliably predict A. coerulea blooms, due to the
challenges in locating the natural habitat of the polyps (Boero et al.,
2008; Willcox et al., 2008; Purcell et al., 2009; Ceh and Riascos, 2017).
Previous studies have revealed that polyps of Aurelia spp. mainly
settle on the undersides of artificial structures, including floating docks,
buoys and piers, because artificial structures provide suitably shaded
substrates for the settlement and proliferation of polyps (Duarte et al.,
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2012; Purcell, 2012; Makabe et al., 2014). Increased human activities
have had a large impact on coastal areas of China. Harbor construction
and aquaculture in coastal areas use numerous artificial structures that
may provide substrates for A. coerulea polyps. Fenghuang Lake is an
artificial marine lake with a concrete dam located on the coast of the
Northern Yellow Sea, in which we found high densities of A. coerulea
medusae in summer. Thus, we hypothesized that the increased artificial
structures in this artificial lake would provide additional suitable sub-
strates for the settlement of the moon jellyfish A. coerulea and con-
tribute to the blooms in the marine artificial lake and nearby coastal
waters. Therefore, the possible occurrence and distribution of A. coer-
ulea ephyrae and polyps in this coastal artificial lake were investigated
in our present study.
2. Materials and methods
2.1. Study area
This study was conducted in Fenghuang Lake, a coastal marine lake
located in Shidao Bay on the Northern Yellow Sea, China (36°55′ N
122°24′ E; Fig. 1). It covers an area of 1.39 km2 and has an average
depth of about five meters (Zhang et al., 2007). The dam of Fenghuang
Lake is made of concrete. One intake valve and two emptying valves are
used to exchange seawater with Shidao Bay (Fig. 1). Fenghuang Lake
was used for sea cucumber aquaculture (Apostichopus japonicas) from
2007 until 2010, and since 2010 has been used for landscape tourism
and recreational fishing. Dense blooms of A. coerulea medusae often
occur in the lake in summer, averaging approximately 10.5 individuals/
m3.
2.2. Distribution of ephyrae
Five stations (E1-E5) in Fenghuang Lake and six stations (O1-O6) in
the two emptying channels outside the lake were selected for surveys of
ephyrae (Fig. 1). In May 2015, the ephyrae and zooplankton samples
were collected using a plankton net (31.6 cm mouth diameter and
160 um mesh size) equipped with a flow meter (Hydrobio, Germany).
At each station, all samples were hauled vertically from near the bottom
to the surface of the seawater and preserved in 4% formalin. In the
laboratory, zooplankton samples were counted and sorted into species.
The ephyrae were identified according to the morphological char-
acteristics described in previous studies (Straehler-Pohl and Jarms,
2010; Dong et al., 2017). The ephyrae were counted using an Olympus
SZX10 stereo microscope fitted with an Optec TP510 digital camera.
The densities of A. coerulea ephyrae in each sample were calculated
from the numbers of ephyrae divided by the volume filtered from
bottom to surface, as determined by the flow meter. Water samples for
the determination of chlorophyll a concentrations and nutrients were
taken from the surface of the lake with a 2 L bottle.
The sea surface temperature and salinity were measured in situ
using an YSI-600 multi-parameter water quality sonde (YSI, Yellow
Springs, OH). Chlorophyll a concentrations were determined using a
UV-VIS spectrophotometer (TU-1810, Beijing Purkinje General
Instrument Co., Ltd., China) after filtration with GF/F membranes
Fig. 1. Sampling stations for A. coerulea ephyrae and polyps in Fenghuang Lake, Northern Yellow Sea. E1-E5, the sampling stations for A. coerulea ephyrae in the lake; P1-P9, the sampling
stations for A. coerulea polyps; O1-O6, the sampling stations for A. coerulea ephyrae outside the lake.
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(Whatman) (Lorenzen, 1967). Nutrient concentrations, including
NO3−, NO2−, NH4+, PO43−, and SiO43+, were analyzed using Flow
Injection Analysis (AA3, Bran+Luebbe, Germany). The relationships
between the density of A. coerulea ephyrae and environmental variables
including zooplankton density, temperature, salinity, Chl a concentra-
tions and nutrient concentrations were determined using Pearson's rank
correlation.
2.3. Distribution of polyps
Three underwater surveys were conducted in the lake between
February and March 2016. In total, ten 50m line transects (P1-P10)
were positioned in the lake at a depth of three meters (Fig. 1). Transects
P4 and P6 were in the middle of the lake in a soft muddy area. Transect
P7 was selected for its location beside the metal intake valve and
transect P10 was near the emptying valve formed by the plastic nets. All
other transects were located along the dam wall, which is constructed
of concrete and forms the substrate for the biogenic reefs built by ser-
pulid polychaetes.
A Canon PowerShot G7X digital camera with a Nauticam G7X un-
derwater housing was used to obtain videos along the 50m transects. A
scuba diver swam approximately 10 cm above the transect lines with
the camera lens pointing directly downward and approximately 0.2m
in width was surveyed along each transect line. The software program
Adobe Premiere Pro was used to manually catch adjacent, non-over-
lapping still frames along the length of each transect line (Adobe
Corporation, USA). Then, the captured frames were examined carefully
to identify colonies of A. coerulea polyps. The number of A. coerulea
polyp colonies in each habitat were recorded. The percent coverage of
polyp colonies was determined by eye for the whole substrate using
intervals of 5% (Toyokawa et al., 2011). The habitat of A. coerulea
polyps was the target for all of the identified frames. In our study, four
main habitat categories were identified: (1) polychaete reefs; (2) me-
tals; (3) plastic nets; (4) soft muds.
2.4. Identification of the reef-forming polychaete
Three serpulid specimens were randomly collected, preserved in
95% ethanol and stored at −20 °C until DNA extraction. Total genomic
DNA was extracted from the specimens using the TIANamp Marine
Animals DNA Kit (TIANGEN, Beijing, China), following the manufac-
turer's protocol. The mitochondrial COI fragments were amplified using
the primers Hydro-COIF (CWRTWRTKACDGTKCATGCTA) and Hydro-
COIR (CMRYAGGWTSAAARAACCTAGTA) under the PCR conditions
previously described in Sun et al. (2012). PCR-amplified DNA frag-
ments were purified and sequenced with an ABI 3730 automatic DNA
sequencer at Sangon Biotech Co., Ltd. (Shanghai, China) using the
primers described above. All PCR products were sequenced in both
directions to ensure acquisition of accurate sequences. The DNA se-
quence fragments were verified, edited and assembled with BioEdit 7.0
(Hall, 2005). The sequences were blasted in NCBI to confirm their
identities. Additionally, related sequences were obtained from GenBank
for phylogenetic analyses. Neighbor joining analysis of COI data was
performed using the K80 model with 1000 bootstrap replicates. Phy-
logenetic analyses were conducted with MEGA 5.0 (Ballard and Melvin,
2010).
3. Results
3.1. Distribution of ephyrae
Based on morphological characteristics, all the sampled ephyrae
were identified as A. coerulea (Straehler-Pohl and Jarms, 2010; Dong
et al., 2017). The mean density of ephyrae in Fenghuang Lake was
41 ± 49 individuals/m3 (mean ± SD; N=5). The highest density of
ephyrae occurred at station E1 with a density of 128 individuals/m3. A.
coerulea ephyrae were also found in the two emptying channels outside
the lake. The mean density of ephyrae in the two emptying channels
was 13 ± 16 individuals/m3 (mean ± SD; N=6).
At the time of sampling, the seawater temperature was 16.7 °C and
the salinity was 33.0. The mean abundance of zooplankton was
93,068 ± 60,614 individuals/m3 (mean ± SD; N=5). Polychaete
larvae was the dominant organism in the zooplankton samples, with a
mean density of 57,800 ± 40,531 individuals/m3 (mean ± SD;
N=5). The mean Chl a concentration was 13.23 ± 5.65 μg/L
(mean ± SD; N=5). The dissolved inorganic nitrogen, dissolved in-
organic phosphate and dissolved silicate concentrations were
7.0 ± 8.59 μM, 1.05 ± 0.49 μM, and 4.48 ± 1.10 μM respectively
(mean ± SD; N=5). No significant relationships between the density
of A. coerulea ephyrae and zooplankton density, Chl a concentration or
nutrient concentration were detected in this study.
3.2. Distribution of polyps
In order to identify the scyphozoan polyps, colonies of polyps were
sampled and maintained in the laboratory until the release of ephyrae,
all of which were identified as A. coerulea. Therefore, we treated all
scyphozoan polyps in this study as A. coerulea polyps. The number of
polyp colonies, percent coverage, and type of substrate for each transect
site can be found in Table 1. Fig. 2 shows the various substrates and
colonies of A. coerulea polyps found in Fenghuang Lake. Colonies of A.
coerulea polyps were only found on the biogenic reefs formed by a
polychaete; no colonies were found in the transects near the soft muds,
plastic nets and metal dams (Table 1). The coverage of A. coerulea
polyps was highest in the transect P1 (5–80%, median 25%).
3.3. Identification of polychaete
The three partial sequences of mitochondrial COI genes were
identical. The sequence was deposited in GenBank under accession
number KY605381. A BLAST search of the GenBank database revealed
that the mtDNA COI sequences determined in this study were identical
to COI sequences of Hydroides dianthus from the east coast of the USA
(KU051460) and the Mediterranean (KY386656). Phylogenetic analysis
of aligned 380-bp mtDNA COI sequences also indicated that the poly-
chaetes sampled in this study were closely related to Hydroides dianthus;
this was supported by a 100% bootstrap value in neighbor joining trees
(Fig. 3).
4. Discussion
The calcareous tubeworm Hydroides dianthus is one of the most well-
documented invasive foulers (Sun and Yang, 2000; Link et al., 2009;
Sun et al., 2017). H. dianthus was originally described from individuals
on the coast of Massachusetts, USA (Verrill, 1873). However, Sun et al.
(2017) argue that it might be a native Mediterranean species. This
species was then introduced to West Africa, Europe and East Asia (Sun
Table 1
Results of the survey for polyp colonies in Fenghuang Lake.
Site Number of observed polyp
colonies
Type of substrate Polyp coverage (%)
median (range)
P1 33 Polychaete reefs 25 (5–80)
P2 7 Polychaete reefs 20 (5–40)
P3 5 Polychaete reefs 5 (5–10)
P4 0 Soft muds 0
P5 1 Polychaete reefs 5
P6 0 Soft muds 0
P7 0 Metal 0
P8 24 Polychaete reefs 20 (5–70)
P9 18 Polychaete reefs 15 (5–40)
P10 0 Plastic nets 0
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and Yang, 2000; Link et al., 2009; Sun et al., 2017). A recent study,
based on the molecular genetic analysis of mtDNA COI sequences from
17 locations around the world, revealed two cryptic species (Sun et al.,
2017). The polychaetes sampled in our study were identical to the H.
dianthus collected in the coast of USA, Italy, Brazil, and Japan. In
Chinese coastal waters, H. dianthus was first reported on scallop
aquaculture farms in Dalian Bay (Sun and Yang, 2000). The arrival of H.
dianthus in Rongcheng may be the result of a spread of individuals from
scallop aquaculture farms to natural habits (Sun et al., 2017).
Tube dwelling polychaetes, such as Serpula vermicularis, Ficopomatus
enigmaticus and H. dianthus can produce dense aggregations of calcar-
eous tubes, forming substantial structures that are considered to be
Fig. 2. Occurrence of A. coerulea polyps in Fenghuang Lake. A and B, biogenic reefs formed by the alien polychaete Hydroides dianthus; C, occurrence of colonies of A. coerulea polyps in





Fig. 3. Neighbor joining tree for mtDNA COI gene sequences. Bootstrap values higher than 75 are shown above the branches.
Z. Dong et al. Marine Pollution Bulletin 129 (2018) 86–91
89
biogenic reefs (Bianchi and Morri, 2001; Moore et al., 2003;
Poloczanska et al., 2004; Chapman et al., 2012). Our study found that
dense aggregations of H. dianthus formed patch reefs above the concrete
dam. This is the first report of biogenic reefs formed by the invasive
polychaete H. dianthus in Chinese coastal waters. H. dianthus has also
been reported to build small reefs in the lagoon of Orbetello, Italy
(Bianchi and Morri, 2001).
Biogenic reefs formed by polychaetes have been reported to support
a rich and diverse community, which utilizes the habitat for a substrate,
a food source and for refuge (Haines and Maurer, 1980; Rabaut et al.,
2009; Haanes and Gulliksen, 2011; Chapman et al., 2012). Our results
indicated that the biogenic reefs formed by the alien polychaete H.
dianthus also provided complex benthic habits suitable for the settle-
ment and proliferation of A. coerulea polyps.
Tubeworms have also previously been reported as suitable sub-
strates for the settlement of Aurelia spp. especially in soft-sediment
environments (Miyake et al., 2002; Miyake et al., 2004). For example,
Aurelia spp. polyps were observed on polychaete tubes in Kagoshima
Bay (Miyake et al., 2002) and polyps of Sanderia malayensis and Aurelia
aurita were found attached to the siboglinid polychaete Lamellibrachia
satsuma at depths of 80–105m in Kagoshima Bay, Japan (Miyake et al.,
2004). The bottom sediment of the Yellow Sea is mainly composed of
sand, mud and mixed sediment and is unsuitable for the settlement of A.
coerulea planulae larvae (Chen and Zhu, 2012; Duarte et al., 2012).
Therefore, biogenic reefs formed by H. dianthus may provide additional
suitable substrates for the settlement of A. coerulea polyps.
The habitat modifications of the alien polychaete H. dianthus result
in increased habitat complexity and heterogeneity (Haines and Maurer,
1980; Link et al., 2009). Biogenic reefs formed by H. dianthus form
complex three-dimensional structures, providing abundant hidden and
shaded areas for the settlement of A. coerulea planulae. Previous studies
have suggested that Aurelia spp. planulae prefer to settle on the un-
dersides of artificial structures with low light intensity (Miyake et al.,
2002; Purcell et al., 2009; Duarte et al., 2012; Malej et al., 2012).
Miyake et al. (2002) found that no polyps of Aurelia spp. were attached
to the upper or vertical sides of artificial structures. In comparison to
the vertical concrete dam walls, habit modifications by H. dianthus
decrease the light intensity and provide more shaded areas of substrate
for the settlement of A. coerulea planulae.
Artificial structures including plastic nets and metals have been
suggested as suitable substrates for the settlement of Aurelia spp. pla-
nulae (Holst and Jarms, 2007; Duarte et al., 2012; Marques et al.,
2015). However, no polyps were found on the plastic nets and metal
dams near the intake and emptying valves of Fenghuang Lake, which
suggests that Aurelia spp. planulae cannot settle on the substrate in
areas with strongly flowing water. Biogenic reefs can stabilize under-
lying substrates against erosion and influence the flow of water (Reise,
2002), and may therefore provide a stable environment for the settle-
ment and proliferation of A. coerulea polyps.
Diverse assemblages of vertebrate and invertebrate fauna associated
with biogenic reefs frequently serve as a food source for predators and
grazers (Witman et al., 2003; De Smet et al., 2015). In addition, our
results showed that zooplankton was more abundant in Fenhuang Lake
than in the nearby coastal water (i.e., Laizhou Bay; Dong et al., 2017).
The increased availability of food around the biogenic reefs formed by
the alien polychaete H. dianthus can increase the asexual reproduction
of A. coerulea polyps (Han and Uye, 2010).
In summary, dense colonies of A. coerulea polyps were found on the
biogenic reefs formed by the alien polychatae H. dianthus. Our study
highlights the potential modification of habitats by the alien polychaete
H. dianthus, which might provide a suitable substrate for A. coerulea
polyps (Rabaut et al., 2009; Chapman et al., 2012). The high density of
A. coerulea ephyrae found in this artificial lake during the spring may
contribute to the blooms of A. coerulea in nearby coastal waters due to
the outflow of ephyrae into Shidao Bay.
Acknowledgments
This work was supported by grants from the National Natural
Science Foundation of China (No.41576152), the Strategic Priority
Research Program of the Chinese Academy of Sciences (No.
XDA11020305), and Science and Technology Service Network
Initiative (STS) Project (No. KFJ-STS-ZDTP-023).
References
Arai, M.N., 2001. Pelagic coelenterates and eutrophication: a review. Hydrobiologia 45,
69–87.
Ballard, J.W.O., Melvin, R.G., 2010. Linking the mitochondrial genotype to the orga-
nismal phenotype. Mol. Ecol. 19, 1523–1539.
Bianchi, C.N., Morri, C., 2001. The battle is not to the strong: serpulid reefs in the lagoon
of Orbetello (Tuscany, Italy). Estuar. Coast. Shelf Sci. 53, 215–220.
Boero, F., Bouillon, J., Gravili, C., Miglietta, M.P., Parsons, T., Piraino, S., 2008.
Gelatinous plankton: irregularities rule the world (sometimes). Mar. Ecol. Prog. Ser.
356, 299–310.
Ceh, J., Riascos, J.M., 2017. Cryptic life stages in scyphozoan jellyfish: larval settlement
preferences of the South American sea nettle Chrysaora plocamia. J. Exp. Mar. Biol.
Ecol. 490, 52–55.
Chapman, N.D., Moore, C.G., Harries, D.B., Lyndon, A.R., 2012. The community asso-
ciated with biogenic reefs formed by the polychaete, Serpula vermicularis. J. Mar. Biol.
Assoc. U. K. 92, 679–685.
Chen, Q., Zhu, Y., 2012. Holocene evolution of bottom sediment distribution on the
continental shelves of the Bohai Sea, Yellow Sea and East China Sea. Sediment. Geol.
273, 58–72.
De Smet, B., D'Hondt, A.S., Verhelst, P., Fournier, J., Godet, L., Desroy, N., et al., 2015.
Biogenic reefs affect multiple components of intertidal soft-bottom benthic assem-
blages: the Lanice conchilega case study. Estuar. Coast. Shelf Sci. 152, 44–55.
Dong, Z., Liu, D., Keesing, J.K., 2010. Jellyfish blooms in China: dominant species, causes
and consequences. Mar. Pollut. Bull. 60, 954–963.
Dong, Z., Liu, D., Wang, Y., Di, B., Song, X., Shi, Y., 2012. A report on moon jellyfish
Aurelia aurita bloom in Sishili bay, northern Yellow Sea of China in 2009. Aquat.
Ecosyst. Health Manag. 15, 161–167.
Dong, Z., Liu, D., Keesing, J.K., 2014. Contrasting trends in populations of Rhopilema
esculentum and Aurelia aurita in Chinese waters. In: Pitt, Kylie, Lucas, Cathy (Eds.),
Jellyfish Blooms. Springer-Verlag, Berlin, pp. 207–218.
Dong, Z., Sun, T., Liu, Q., Sun, Y., 2017. High density aggregations of the Aurelia sp.1
ephyrae in a Chinese coastal aquaculture pond. Aquat. Ecosyst. Health Manag. 20,
465–471.
Duarte, C.M., Pitt, K.A., Lucas, C.H., Purcell, J.E., Uye, S.I., Robinson, K., et al., 2012. Is
global ocean sprawl a cause of jellyfish blooms? Front. Ecol. Evol. 11, 91–97.
Haanes, H., Gulliksen, B., 2011. A high local species richness and biodiversity within
high-latitude calcareous aggregates of tube-building polychaetes. Biodivers. Conserv.
20, 793–806.
Haines, J.L., Maurer, D., 1980. Quantitative faunal associates of the serpulid polychaete
Hydroides dianthus. Mar. Biol. 56, 43–47.
Hall, T., 2005. Bioedit 7.0.5. Department of Microbiology, North Carolina State
University.
Han, C.H., Uye, S., 2010. Combined effects of food supply and temperature on asexual
reproduction and somatic growth of polyps of the common jellyfish Aurelia aurita s.l.
Plankon Benthos Res. 5, 98–105.
Holst, S., Jarms, G., 2007. Substrate choice and settlement preferences of planula larvae
of five Scyphozoa (Cnidaria) from German Bight, North Sea. Mar. Biol. 151 863−71.
von Lendenfeld, R., 1884. The scyphomedusae of the southern hemi-sphere. In:
Proceedings of the Linnean Society of New South Wales. 9. pp. 259–306.
Link, H., Nishi, E., Tanaka, K., Bastida-Zavala, R., Kupriyanova, E.K., Yamakita, T., 2009.
Hydroides dianthus (Polychaeta: Serpulidae), an alien species introduced into Tokyo
Bay, Japan. Marine Biodivers. Rec. 2, 1–5.
Linnaeus, C., 1758. Systema naturae per regna tria naturae, secundum classes, ordines,
genera, species, cum characteribus, differentiis, synonymis, locis. Editio decima, re-
formata. Laurentius Salvius: Holmiae. ii. 824 pp.
Lo, W.T., Purcell, J.E., Hung, J.J., Su, H.M., Hsu, P.K., 2008. Enhancement of jellyfish
(Aurelia aurita) populations by extensive aquaculture rafts in a coastal lagoon in
Taiwan. ICES J. Mar. Sci. 65, 453–461.
Lorenzen, C.J., 1967. Determination of chlorophyll and pheo-pigments: spectrophoto-
metric equations. Limnol. Oceanogr. 12, 243.
Lucas, C.H., 2001. Reproduction and life history strategies of the common jellyfish,
Aurelia aurita, in relation to its ambient environment. Hydrobiologia 451, 229–246.
Lucas, C.H., Graham, W.M., Widmer, C., 2012. Jellyfish life histories: role of polyps in
forming and maintaining Scyphomedusa populations. Adv. Mar. Biol. 63, 133.
Makabe, R., Furukawa, R., Takao, M., Uye, S., 2014. Marine artificial structures as am-
plifiers of Aurelia aurita s.l. blooms: a case study of a newly installed floating pier. J.
Oceanogr. 70, 447–455.
Malej, A., Kogovsek, T., Ramsak, A., Catenacci, L., 2012. Blooms and population dy-
namics of moon jellyfish in the northern Adriatic. In: Cahiers De Biologie Marine. 53.
pp. 337–342.
Marques, R., Albouy-Boyer, S., Delpy, F., Carré, C., Floc'h, L., Roques, C., et al., 2015.
Pelagic population dynamics of Aurelia sp. in French Mediterranean lagoons. J.
Plankton Res. 37, 1019–1035.
Miyake, H., Terazaki, M., Kakinuma, Y., 2002. On the polyps of the common jellyfish
Z. Dong et al. Marine Pollution Bulletin 129 (2018) 86–91
90
Aurelia aurita in Kagoshima Bay. J. Oceanogr. 58, 451–459.
Miyake, H., Hashimoto, J., Chikuchishin, M., Miura, T., 2004. Scyphopolyps of Sanderia
malayensis and Aurelia aurita attached to the tubes of vestimentiferan tube worm,
Lamellibrachia satsuma, at submarine fumaroles in Kagoshima Bay. Mar. Biotechnol.
6, S174–S178.
Moore, C.G., Harries, D.B., Lyndon, A.R., Saunders, G.R., Conway, T.R., 2003.
Quantification of serpulid biogenic reef coverage of the sea bed (Polychaeta:
Serpulidae) using a video transect technique. Aquat. Conserv. Mar. Freshwat. Ecosyst.
13, 137–146.
Pascual, M., Fuentes, V., Canepa, A., Atienza, D., Gili, J.M., Purcell, J.E., 2015.
Temperature effects on asexual reproduction of the scyphozoan Aurelia aurita sl:
differences between exotic (Baltic and Red seas) and native (Mediterranean Sea)
populations. Mar. Ecol. 36, 994–1002.
Poloczanska, E.S., Hughes, D.J., Burrows, M.T., 2004. Underwater television observations
of Serpula vermicularis (L.) reefs and associated mobile fauna in Loch Creran,
Scotland. Estuar. Coast. Shelf Sci. 61, 425–435.
Purcell, J.E., 2012. Jellyfish and ctenophore blooms coincide with human proliferations
and environmental perturbations. Annu. Rev. Mar. Sci. 4, 209–235.
Purcell, J.E., Hoover, R.A., Schwarck, N.T., 2009. Interannual variation of strobilation by
the scyphozoan Aurelia labiata in relation to polyp density, temperature, salinity, and
light conditions in situ. Mar. Ecol. Prog. Ser. 375, 139–149.
Purcell, J.E., Baxter, E.J., Fuentes, V.L., 2013. Jellyfish as products and problems of
aquaculture. In: Advances in Aquaculture Hatchery Technology, 1st ed. Woodhead
Publishing, pp. 404–430.
Rabaut, M., Van de Moortel, L., Vincx, M., Degraer, S., 2009. Biogenic reefs as structuring
factor in Pleuronectes platessa (Plaice) nursery. J. Sea Res. 64, 102–106.
Reise, K., 2002. Sediment mediated species interactions in coastal waters. J. Sea Res. 48,
127–141.
Richardson, A.J., Bakun, A., Hays, G.C., Gibbons, M.J., 2009. The jellyfish joyride: causes,
consequences and management responses to a more gelatinous future. Trends Ecol.
Evol. 24, 312–322.
Straehler-Pohl, I., Jarms, G., 2010. Identification key for young ephyrae: a first step for
early detection of jellyfish blooms. Hydrobiologia 645, 3–21.
Sun, R., Yang, D., 2000. Study on hydroides (Polychaeta: Serpulidae) from waters off
China. I. In: Studia Marina Sinica. 42. pp. 116–135.
Sun, Y., Kupriyanova, E.K., Qiu, J.W., 2012. COI barcoding of Hydroides: a road from
impossible to difficult. Invertebr. Syst. 26, 539–547.
Sun, Y., Wong, E., Keppel, E., Williamson, J.E., Kupriyanova, E.K., 2017. A global invader
or a complex of regionally distributed species? Clarifying the status of an invasive
calcareous tubeworm Hydroides dianthus (Verrill, 1873) (Polychaeta: Serpulidae)
using DNA barcoding. Mar. Biol. 164, 28.
Toyokawa, M., Aoki, K., Yamada, S., Yasuda, A., Murata, Y., Kikuchi, T., 2011.
Distribution of ephyrae and polyps of jellyfish Aurelia aurita (Linnaeus 1758) sensu
lato in Mikawa Bay, Japan. J. Oceanogr. 67, 209–218.
Uye, S., 2011. Human forcing of the copepod-fish-jellyfish triangular trophic relationship.
Hydrobiologia 666, 71–83.
Verrill, A.E., 1873. Results of the recent dredging expeditions on the coast of New
England. No. 3. Am. J. Sci. Arts 6, 435–441.
Wan, A., Zhang, G., 2012. Annual occurrence of moon jellyfish Aurelia sp.1 in the
Jiaozhou Bay and its impacts on zooplankton community. In: Oceanlogia ET
Limnologia Sinica. 43. pp. 494–501 (In Chinese).
Wang, Y., Sun, S., 2015. Population dynamics of Aurelia sp.1 ephyrae and medusa in
Jiaozhou Bay, China. Hydrobiologia 754, 147–155.
Willcox, S., Moltschaniwskyj, N.A., Crawford, C.M., 2008. Population dynamics of natural
colonies of Aurelia sp. scyphistomae in Tasmania, Australia. Mar. Biol. 154, 661–670.
Witman, J.D., Genovese, S.J., Bruno, J.F., McLaughlin, J.W., Pavlin, B.I., 2003. Massive
prey recruitment and the control of rocky subtidal communities on large spatial
scales. Ecol. Monogr. 73, 441–462.
Zhang, X., Lian, Y., Zhang, H., Zhou, Y., Liu, X., Zhao, C., et al., 2007. Investigation and
assessment of aquicultural environment in the Fenghuang Lake. Coast. Eng. 26,
42–48 (In Chinese).
Z. Dong et al. Marine Pollution Bulletin 129 (2018) 86–91
91
